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(57) Abstract: Method for forming a tyre for vehicle 
wheels and tyre obtained by said method, said tyre (1) 
comprising a carcass structure, an annular reinforcing 
structure associated with said carcass structure, a tread 
band (4) in a position radially outside said carcass 
structure, and a pair of sidewalls (5) in axiatty opposite 
on said carcass structure, where the manufacture 
of said carcass structure comprises at least the steps 
of: preparing a plurality of strip-like elements (6) 
each comprising one or more elongated elements 
(7) at least partially lined with at least one layer of 
elastomeric material, laying each strip-like element 
(6) on a a toroidal support in a substantially U-shaped 
configuration around the profile of the cross-sectKv- 
of said toroidal support in order to define two lak 
positions which extends substantially in planes 
perpendicular to the geometrical axis of rotation of 
said toroidal support in positions spaced from each 
other in the axial direction, and a crown portion winch 
extends in a radially external position between said 
lateral portions, said crown portions of each strip-like 
element (6) being arranged side-by-side with respect 
to each other along the circumferential extension 
of the toroidal support, said method envisaging a 
step involving constriction of the end zones of each 
strip-like element (6), prior to laying thereof on said 
toroidal support. 
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METHOD FOR FORMING A PNEUMATIC TYRE FOR VEHICLE WHEELS 



DESCRIPTION 

5 The present invention relates to a method for forming a tyre for vehicle 
wheels and the tyre constructed using the abovementioned method. 

A tyre for vehicle wheels normally comprises a carcass structure 
essentially composed of one or more carcass plies formed In a substantially 
toroidal configuration and having their axiaHy facing lateral edges engaged 
10 with respective, circumferentially inextensible, annular reinforcing structures 
usually called "bead wires". Each annular reinforcing structure is 
incorporated in a so-called "bead" defined along an inner circumferential 
edge of the tyre for securing the latter on a corresponding mounting rim. 
A belt structure may be applied onto the carcass structure, in a radially 
15 external position, said belt structure comprising one or more belt strips 
formed in a closed loop and essentially composed of textile or metal cords 
which are incorporated in a layer of elastomeric material, are parallel to 
each other and suitably oriented with respect to the cords of the adjacent 
carcass plies and/or belt strips. 
20 A tread band is also applied in a position radially outside the belt 
structure, said band normally consisting of a strip of elastomeric material of 
suitable thickness. 

It must be pointed out that, for the purposes of the present description, 
the term "elastomeric material" is understood as referring to a composition 
25 comprising at least one elastomeric polymer and at least one reinforcing 
filler, and optionally additives of various types (for example cross-linking 
agents, plasticizers and other additives known in the art). 

A pair of sidewalls is provided on the opposite sides of the tyre, each of 
said walls lining a side portion of the tyre lying between a so-called shoulder 
30 zone, located in the vicinity of the respective lateral edge of the tread band, 
and the respective bead. 

In the less recently developed manufacturing processes, the formation of 
each carcass ply is performed by means of the manufacture of a rubberized 
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fabric comprising a plurality of elongated reinforcing elements incorporated 
in a layer of elastomeric material and parallel to each other - referred to 
below as "cords" - this term defining both individual basic threads (single 
filaments, floss, yarns, metal wires) and actual cords, i.e. a structure 
5 comprising one or more strands twisted together, each consisting of a 
certain number of basic threads twisted together. Said rubberized fabric is 
manufactured, for example, by means of a calendering operation which 
encloses in sandwich fashion a plurality of said coplanar cords arranged 
alongside each other between two layers of elastomeric material. The 

10 threads of said cords may consist alternatively of metal alloys such as steel, 
textile fibres, carbon fibres, glass fibre, Kevtar® or other fibres having a 
strength suitable for use in the construction of a tyre. 

Each carcass ply is then assembled with the other components of the 
tyre, such as for example the abovementioned bead wires, on a so-called 

15 cylindrical preparation drum. The carcass ply is then folded back around 
said bead wires so that when the entire carcass structure, which is initially 
made in the form of a cylindrical sleeve, is formed in a toroidal 
configuration, carcass ply and bead wires remain associated with each 
other, with the carcass ply folded back around the abovementioned bead 

20 wires, extending from the inside towards the outside both axially and 
radially. 

In a subsequent operation other components of the tyre, such as the belt 
structure, the sidewalls and the tread band, are then assembled (for 
example using a forming drum) on the said carcass structure. 

25 According to the latest production methods, the carcass ply or plies is/are 
obtained by laying a plurality of strip-like elements or band-like portions, one 
after another, in a circumferentially adjacent arrangement, on a toroidal 
support shaped in accordance with the internal form of the tyre to be 
obtained. A method of this kind allows the elimination, or at least limitation 

30 of production of intermediate semi-finished products for the purposes of 
preparation of the tyres and is described, for example, in European patent 
application published under No. 0 928 680, in the name of the same 
Applicant. 
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Each of the abovementioned strip-like elements, referred to below simply 
as "band", is manufactured by combining a plurality of coplanar and 
mutually parallel cords with an extruded elastomeric material by means of a 
drawing operation. The band thus produced contains a certain number of 

5 cords per centimetre of its transverse dimension, and said number identifies 
the "density" of the cords. 

With reference to the laying of each band on said toroidal support, it is 
poinied out here that the diameter in the crown zone is greater than the 
diameter at the beads and this condition is ail the more accentuated in the 

10 toroidal supports suitable for the manufacture of tyres for heavy vehicles 
such as lorries, articulated vehicles and the like. As a result of this 
particular geometry, the laying of a plurality of bands circumferentially 
adjacent to one another in the crown zone of the carcass produces in the 
bead zone an overlapping of the ends of the bands. 

15 The Applicant has ascertained that a tyre manufactured as described 
above has beads with a structure which is not reinforced by the 
abovementioned overlapping arrangement, as one might be led to believe, 
but which is weakened. According to the alternative viewpoint of the 
Applicant, in the tyre in the working condition, the cords overlapped with 

20 each other do not function correctly and in a uniform manner, with the result 
that some of them are greatly subject to tensile stresses and others to 
compressive stresses, with the start of separation between elastomeric 
material and reinforcing cords and consequent shorter duration of the tyre 
itself. 

25 Moreover, the experiments conducted by the Applicant have shown that 
the manufacture of the carcass structure must be performed substantially 
without air being trapped inside. The formation of air traps occurs, for 
example, when the carcass is formed by laying on the surface of the 
support a single rubber-coated thread in a plurality of circumferentially 

30 adjacent turns; in this case, the resultant carcass ply does not consist of a 
compact layer and incorporation of air inside the said structure is much 
more likely. In fact, the laying of several rubber-coated threads alongside 
each other leaves, in a position radially inside each pair of adjacent 
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threads, an air bubble which, expanding during the subsequent tyre 
vulcanization step, leads to the start of separation between eiastomeric 
material and cords, which in a short period of time results in the tyre 
becoming unusable. 

5 The document US 1 ,453,865 relates to a method for the construction of 
tyres for vehicle wheels, whereby said tyre comprises "an elastic carcass 
which forms the external portion and the tread of the tyre and which 
encloses an interna! air chamber* p said tyre "having a fabric of the internal 
body or carcass formed by cords or filaments". The constructional method 

10 comprises "the laying of a plurality of cord strip units, each consisting of a 
plurality of cord portions joined together laterally with each other, said 
laying operation occurring by keeping the strip units "in contact over the 
whole of their length on a drum or spindle, in successive positions and In 
contact with each other, so that the plurality of the respective multiple cord 

15 strip units will cover entirely the surface area of the drum, securing the ends 
of said strip units to the edge of the bead". 

The document US 1 ,728,957 in the name of the same Inventor illustrates 
essentially a machine for the construction of a tyre manufactured according 
to the method described above. 

20 It should be noted that in both the documents mentioned above oblique 
laying of each cord or group of cords suitable only for carcasses of tyres 
known as "cross-carcass" tyres is described. Securing of the ends of the 
cords to the underlying drum is performed by ovalizing the (circular) cross 
section of each cord so as to arrange said cords in the same plane. In fact, 

25 as is clearly illustrated in the figures of the abovementioned documents, the 
carcass plies consist of rubber-coated threads simply arranged adjacent to 
each other on the crown and pressed against one another on the beads. 
This solution is possible because said cords are textile cords and are 
therefore deformable; their circular cross section on the crown therefore 

30 becomes elliptical at the ends, as a result of which it is possible to maintain 
a coplanar lie of the abovementioned cords, with an obvious increase in 
density. In this way, however, the carcasses thus constructed are not 
excessively robust and may be used only in motor car tyres. In tyres for 
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heavy vehicles, the carcass must be much stronger in order to be able to 
withstand the greater load conditions; it is therefore preferable to use metal 
cords, which cannot be used with the abovementioned method. 

The document EP 0 780 221 illustrates a method and an apparatus for 

5 manufacturing a band provided with reinforcing cords, in order to form a 
carcass ply which is folded back onto itself in the bead zone and radially 
extended outwards along the sidewall of the tyre, having an increased 
density in the region of the beads. In order to implement said method, each 
cord is inserted into a special groove of a plate which is suitably shaped 

10 with grooves of different length; then, by means of a pressing operation, two 
strips of elastomeric material enclose in sandwich fashion the cords 
inserted in said plate. The band obtained has a maximum transverse 
dimension in the centre and minimum transverse dimension in intermediate 
zones symmetrical with respect to the centre and located between said 

1 5 centre and the ends. Correspondingly, the density of the cords is minimal in 
the centre and maximum in the aforementioned intermediate zones, then 
diminishing towards the end portions. 

It should be noted that, in the green tyre obtained from similar strips of 
elastomeric material, the cords have a length different from each other as 

20 regards construction: the behaviour of the tyre obtained from their assembly 
on said toroidal support is negatively influenced on account of a lack of 
structural uniformity. The shorter cord will in fact be subject, in any case, to 
a greater tensile stress. 

Moreover, it should be noted that, for each different tyre size, it will be 

25 necessary to provide a special-purpose apparatus when using the 
abovementioned method: in fact, it will be necessary to have several plates 
which are differently grooved, so as to allow the manufacture of bands with 
different formats, suitable for application on drums of varying dimensions. 
Thus also, if, for technical reasons, it is required to vary the density of the 

30 cords on the same tyre model, plates with the same dimensions, but with a 
number of different grooves, must be provided. 

The Applicant has found that by forming a tyre using the 
abovementioned band laying technique, by subjecting said bands to 
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subsequent constriction of the end zones prior to their positioning one after 
another, in a circumferentially adjacent arrangement, on a toroidal support 
shaped in accordance with the internal form of the tyre to be obtained, a 
carcass structure which is homogeneous and uniform, without overlapping 
5 of cords at the beads, and substantially devoid of air bubbles inside it, is 
obtained. 

The Applicant has found, moreover, that a tyre having a carcass piy 
formed by means of bands which have undergone constriction at their ends, 
so as to have a different density of the reinforcing cords between crown 

10 zone and bead zone without overlapping of said cords in the bead zone, 
has a uniform and homogeneous structure which solves, or at least 
minimizes, the problems of the prior art mentioned above. 

The tyre therefore has, with regard to that described above, a greater 
robustness in the carcass structure and in particular at the beads. 

15 In short, with the solution obtained by the Applicant, in the beads there is 
an adjacent arrangement of band portions having a smaller overall 
transverse dimension compared to the maximum transverse dimension on 
the crown, which adjacent arrangement will therefore not cause overlapping 
of bands, and therefore cords, despite the smaller diametral dimensions at 

20 the beads. 

According to a first aspect thereof, the invention relates to a method for 
forming a tyre for vehicle wheels, said tyre comprising a carcass structure, 
an annular reinforcing structure associated with said carcass structure, a 
tread band in a position radially outside said carcass structure, and a pair of 

25 sidewalls in axially opposite positions on said carcass structure, where the 
manufacture of said carcass structure comprises at least the steps of: 
preparing a plurality of strip-like elements each comprising one or more 
elongated elements at least partially lined with at least one layer of 
elastomeric material, laying each strip-like element on a toroidal support In 

30 a substantially U-shaped configuration around the profile of the cross 
section of said toroidal support in order to define two lateral portions which 
extend substantially in planes perpendicular to the geometrical axis of 
rotation of said toroidal support in positions spaced from each other in the 
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axial direction, and a crown portion which extends in a radially external 
position between said lateral portions, said crown portions of each strip-like 
element being arranged side-by-side with respect to each other along the 
circumferential extension of the toroidal support, said method being 
5 characterized in that it envisages a step involving constriction of the end 
zones of each strip-like element, prior to laying thereof on said toroidal 
support 

Advantageously the method in question envisages that said constriction 
should be a constant-volume mechanical constriction. 
10 In a preferred embodiment of the abovementioned method, during said 
constriction step, the shape of the cross section of each elongated element 
remains unvaried. 

In a further preferred embodiment of said method, during said 
constriction step, the cross sections of the end zones of each strip-like 
15 element undergo a reduction in their base and an increase in their height, 
so that overall the area of the said cross sections remains constant. 

Advantageously, in the method in question said strip-like elements are 
manufactured by means of extrusion. 

in a different embodiment of the method according to the invention, said 
20 strip-like elements envisage 2 to 6 elongated elements arranged parallel to 
each other in the longitudinal direction of said strip-like elements. 

Advantageously, in the abovementioned method, the ratio K between the 
length of said base and said height of said strip-like element in the portion 
not subjected to said constriction operation is greater than 1 .5. 
25 In a preferred embodiment of the method in question, the rubberization 
thickness of each elongated element contained in said strip-like element is 
between 0.05 mm and 1 .5 mm. 

According to a further aspect thereof, the invention relates to a tyre for 
vehicle wheels, comprising at least one carcass structure having one or 
30 more carcass plies, an annular reinforcing structure associated with said 
carcass structure, a tread band in a position radially outside said carcass 
structure, and a pair of sidewalls in axially opposite positions on said 
carcass structure, said carcass structure comprising a plurality of elongated 
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elements, said elements being arranged in a substantially U-shaped 
configuration around the profile of the cross section of said tyre, said 
carcass structure having two lateral portions which extend substantially in 
planes perpendicular to the geometrical axis of rotation of the tyre in 
5 positions spaced from each other in the axial direction, and a crown portion 
which extends in a radially external position between said lateral portions, 
said carcass ply not being folded back around said annular reinforcing 
structure, said tyre being characterized in that the density of said elongated 
elements is greater in said lateral portions than in said crown portion, said 

10 density increasing continuously and regularly from said crown portion 
towards said lateral portions, the shape of the cross section of each 
elongated element remaining constant 

In a preferred embodiment, the tyre for vehicle wheels according to the 
invention envisages that said elongated elements comprise a metal cord 

15 with the form 7x4x0.1 75W. 

Further characteristic features and advantages of the invention will 
emerge more clearly from the detailed description of a preferred, but not 
exclusive embodiment of a method for forming a tyre for vehicle wheels and 
a tyre obtained by said method, in accordance with the present invention. 

20 This description will be illustrated hereinbelow with reference to the 
attached drawings which are provided solely by way of a non-limiting 
example and in which: 

- Figure 1 is a schematic cross-sectional view of an green tyre 
manufactured by means of the method according to the invention; 

25 - Figure 2 is a cross-sectional view of a circumferential portion of a 
carcass ply along the line ll-ll of Figure 1; 

- Figure 3 is a cross-sectional view of the same circumferential portion of 
carcass ply illustrated in Figure 2, along the line Ill-Ill in Figure 1; 

- Figure 4 is a cross-sectional view of a portion of band which has not yet 
30 been subject to constriction; 

- Figure 5 is a plan view of a band following constriction of its end zones; 

- Figure 6 Is a cross-sectional view of a band at the start of the 
constriction step; 
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- Figure 7 is a cross-sectional view of the element in Rgure 6 at the end 
of the constriction step. 

With reference to Figure 1, a tyre for vehicle wheels manufactured with 
the method according to the invention is identified by the reference number 
5 1. 

This tyre 1 essentially comprises a carcass structure having at least one 
carcass ply 2 which has a toroidal shape and is associated by means of its 
circumferential edges with a pair of annular reinforcing structures, or bead 
wires, each of which is positioned in the finished tyre in a zone - usually 

10 called "bead 0 - which ensures engagement of the tyre with its mounting rim. 
A belt structure 3 is provided in a position radially on the outside of the 
abovementioned carcass ply 2, said belt structure comprising one or more 
belt strips arranged on top of each other. A tread band 4 is superimposed 
in a position radially on the outside of the abovementioned belt structure: In 

15 the vulcanized tyre, this band has a suitable tread pattern (not shown) 
moulded during the vulcanization process; finally, a pair of sidewalls 5 is 
provided laterally on the opposite sides of the abovementioned carcass 
structure. 

The carcass structure is preferably lined radially inside with a layer of 
20 elastomeric material which is called "liner 0 in order to ensure an airtight seal 
of the tyre during use. 

The assembly of the abovementioned parts is performed as substantially 
illustrated in the already cited document EP 0 928 680 in the name of the 
same Applicant. In short, a limited number of semi-finished products such 
25 as strips of elastomeric material, bands of elastomeric material reinforced 
with textile or metal cords, and metal wires, generally made of steel and 
also lined with an elastomeric material, are fed onto a toroidal support 
having the configuration of the internal walls of the tyre which is to be made. 
Said support is placed in motion, preferably by means of a robotized 
30 system, so as to pass through a plurality of stations in each of which a 
particular step for preparation of the tyre is performed, by means of 
automated sequences. The entire structure of the tyre 1 described above is 
thus formed by means of superimposition on top of the abovementioned 
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toroidal support, thus resulting in an green tyre ready for vulcanization. 

More precisely, in accordance with the invention, initially the so-called 
liner is laid on a toroidal support, the external profile of which coincides with 
that of the radially internal surface of the green tyre, said liner consisting 
5 essentially of a sheet of rubber which in the vulcanized tyre forms the 
internal airtight surface of the tyre. 

Prior to manufacture of the carcass ply, one or more elastomeric filling 
elements are laid on said toroidal support, which fiiSng elements may have 
a form radially tapered towards the outside within the cross section of the 
10 tyrel. 

Manufacture of the said tyre 1 continues with laying, on the said toroidal 
support, of a pair of annular reinforcing structures in a position radially on 
the inside of said elastomeric filling element. 

More precisely, each annular reinforcing structure, which is 
15 circumferentiaily inextensible, comprises a set of wound turns of metal wire 
which are radially superimposed and arranged axially alongside each other. 

The set of wound turns may be prepared by winding around said 
preparation support a plurality of turns, radially superimposed on each other 
and arranged axially alongside each other, of a metal wire or, alternatively, 
20 of a cord consisting of metal wires, or of a band of said wires or cords, or 
also of a flat metal strip. 

The material used for said annular reinforcing structure may be any type 
of textile or metallic or other kind of material having suitable mechanical 
strength characteristics; preferably, this material consists of normal or high 
25 tensile steel wire (i.e. with a high carbon content) which is commonly used 
in tyre manufacturing technology, or a metal cord with a corresponding 
strength and load capacity. 

Following laying of the abovementioned annular reinforcing structure, 
laying of one or more carcass plies 2 is started so as to form the carcass 
30 structure of the tyre according to the invention. 

The description refers, without intending to be limiting in any way. to the 
preparation of a tyre for heavy vehicles such as lorries, articulated vehicles, 
buses and the like, with the result that the method according to the 
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invention advantageously envisages for the abovementioned carcass ply 
the manufacture and the use of bands of elastomeric material reinforced 
with metal cords. In the case of tyres of another type (for example for cars) 
the reinforcing cords of the abovementioned band are preferably textile 
5 cords consisting of a natural or synthetic fibre (cotton, polyamide, polyester) 
and typically made of nylon or rayon. 

Said band 6 is prepared using preferably 2 to 6 metal cords 7 passed 
through a drawing head which lines them with a suitable elastomeric 
material, creating a continuous strip-like element in which said cords are 

10 parallel to each other in the longitudinal direction of the element itself. 

The diameter of the metal wire used for manufacture of said cords may 
be between 0.12 and 0.4 mm, preferably between 0.14 and 0.23 mm, while 
the abovementioned cords are preferably made with a braided structure, for 
example with the configurations 3+9x0.22W and 3+9+1 5x0. 175W. Finally, 

15 It was considered particularly convenient to use the cord with a 
configuration 7x4x0.175W, or comprising 7 strands, each composed of 4 
basic steel filaments with a diameter of 0.175 mm wound with a braiding 
spiralled around the cord and consisting of a steel wire with a diameter of 
0.15 mm. 

20 The abovementioned continuous strip-like element from which the bands 
6 will be obtained has a cross section which is substantially rectangular 
(Fig. 4) with a base "b" and a height "h\ In the case shown in Figure 4 
relating to a band with three reinforcing cords, said base b has a dimension 
of about 5.3 mm and a height h of 1.8 mm; in any case, preferably, said 

25 values respectively range between 5 and 12 mm as regards the base b and 
between 1.8 and 2.2 mm as regards the height h. It is obvious that, with a 
variation in the number of cords included within the band 6, the dimension b 
varies proportionally with respect to this number. 

Said bases b of the band also have a surface which is undulated with a 

30 plurality of depressions 8 created by the uniformity of the rubberization 
thickness of the cords and necessary for allowing constant-volume 
constriction, as will be better illustrated below. 

Characteristic parameters of the abovementioned band 6 are the 



WO 03/061953 



PCT/IT01/00656 



12 

rubberization thickness, or the radial thickness on each cord of elastomeric 
material, ranging between 0.05 and 1 .5 mm (inclusive), and a value of the 
ratio K between the dimension of the base b and that of the height h of the 
band itself, which is greater than 1 .5. 
5 The continuous strip-like element thus formed is not directly used - duly 
cut to size into bands 6 - for application onto said toroidal support in order to 
form said carcass ply 2, but, according to the invention, undergoes a 
constriction at intervals, along its longitudinal extension, which locally 
modifies the profile of its cross section and the density of the cords. 

10 More precisely, as schematically shown in Figures 7 and 8, the end 
portion of the continuous strip-like element which wDI form the band 6, by 
being cut to size, is placed between pressing members 1 1 which act in a 
manner substantially perpendicular to each other, exerting on the cross 
section of said element a force "Q" perpendicular to the abovementioned 

1 5 base b and a force "P perpendicular to the abovementioned height h. 

During the abovementioned constriction step, the elastomeric material is 
compressed in the axial direction and expands in the radial direction, with 
respect to the transverse direction of said element, so that the depressions 
8 are substantially flattened and the cross section of the end zones of the 

20 future band 6 consequently assumes the form of a more regular rectangle, 
in which the value of said ratio K becomes less than the initial value and, at 
the same time, the density value of the cords 7 increases, although the form 
of the cross section of each cord 7 remains constant 

It should be noted that, during said constriction step, the air present In 

25 the depressions 8 along the surfaces of said pressing members 11 may 
leave said depressions 8, for example escaping in the longitudinal direction 
along said strip-like element, away from said members. 

After the constriction step, the height h for a continuous strip-like element 
comprising three cords preferably has values of between about 3.6 and 4.4 

30 mm (inclusive), the base b preferably has values of between about 2.5 and 
6 mm (inclusive) and the density preferably has values of between about 5 
and 12 cords/cm (inclusive). The density in the band zone which has not 
undergone constriction has values of between about 2.5 and 6 cords/cm 
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(inclusive). 

Advantageously, the area of each cross section along the extension of 
each end zone of each band 6 which has undergone constriction remains 
constant: we shall define the abovementioned constriction as a constant- 
5 volume mechanical constriction. 

Driving members - not shown - drive forwards the end portion of the 
abovementioned element which has undergone constriction and bring a 
following portion into position for constriction. Once it has undergone this 
constriction as wed, cutting members - also not shown - cut the band 6 to 

10 the size required for its use in the carcass structure of the tyre (Figure 5). 
The band is then removed by gripping members (not shown) for the 
manufacture, as will be illustrated more clearly below, of said carcass ply 2, 
while the driving members convey another continuous strip-like element 
portion into position for undergoing the same constriction. 

15 During the manufacture of the abovementioned carcass ply 2. gripping 
members of the same type as those described, for example, in the 
European patent application published under No. 0 928 680 arrange each 
band 6 on said toroidal support in a substantially U-shaped form around the 
profile of the cross section of said support so as to define two lateral 

20 portions which extend substantially in planes perpendicular to the 
geometrical axis of rotation of the same support, in positions axially spaced 
from each other, and a crown portion extending in a radially external 
position between said lateral portions. 

Preferably, the cords 7 of each band 6 are arranged radially, i.e. at 90°, 

25 with respect to the circumferential direction of the toroidal support 

The bands 6 adhere to the underlying layers along the whole of their 
longitudinal extension, extending from bead to bead along the external 
surface of the toroidal support, since the latter is preferably lined with an 
adhesive material, for example the abovementioned liner. 

30 Said bands 6 are arranged side-by-side with respect to each other along 
the circumferential extension of the abovementioned toroidal support and, 
as a result of the constriction exerted on the end zones of the band, which 
ensures that the circumferential extension on the crown is equal to the 
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circumferential extension at the beads, said side-by-side arrangement is 
maintained along the whole linear extension, from bead to bead. 

Said arrangement may be achieved by means of a single rotation of the 
toroidal support with the continuous adjacent positioning of each band with 
5 respect to the preceding one, or preferably by means of two or more 
rotations of the same support In this latter case the laying of each band 6 
is followed by a rotation of the support corresponding to a multiple of the 
circumferential space occupied by each band., so as to allow, upon the 
following rotation, the laying of another series of bands, until the entire 
10 toroidal surface is completely covered: at this point the carcass ply 2 has 
been completed. 

The carcass ply 2 is arranged as shown in Figures 1, 2 and 3, in which it 
can be seen that the central part of each band 6 which has not undergone 
constriction has been laid on the crown, where the diameter of the toroidal 

15 support is greater, whereas an the end portions of the said bands whicr 
have undergone constriction are arranged adjacent to each other in the 
bead zone, where the diameter is smaller. In this way the density of the 
cords 7 increases with regularity and continuity from the crown zone of the 
tyre to the beads; in fact, owing to the constriction of the end zones of each 

20 band 6, the need for overlapping of the latter is eliminated. 

Finally, it should be noted that the end of the carcass ply or carcass plies 
2 is not folded back around the bead wires. In particular, considering the 
cross section of the tyre 1 (Figure 1) and the respectively radially innermost 
and radially outermost points A and B of each annular reinforcing structure, 

25 it can be seen that the profile of the carcass ply 2 crosses at the most once 
both the straight lines parallel to the axis of rotation of the tyre 1 and 
passing through the abovementioned points A and B. In practice, inside the 
beads of the tyre 1, the zone of the annular reinforcing structure may be 
passed through partly or completely once by the carcass ply 2, and if the 

30 carcass ply 2 extends radially inwards beyond this limit, it is not folded back 
around the annular reinforcing structure and at the most extends In an axial 
direction towards the end of said structure, passing close to the radially 
internal surface thereof. 
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The structure of the tyre is completed, finally, with the laying of the belt 
structure 3, the sidewalls 5 and a tread band 4 and is then moulded and 
vulcanized. 

In this way the technical problems previously described have been 
5 overcome. In fact, a carcass ply which is substantially uniform and 
homogeneous is obtained, without overlapping of the ends of the bands 6 
and consequently without overlapping of the cords 7, therefore preventing 
the abovementioned cords from being subject to loads of a tensile or 
compressive nature and of varying values, causing, during use, separation 
10 of cords and elastomeric material with a consequent short working life of the 
tyre. 

Moreover the use of bands for the construction of the carcass ply 
eliminates the possibility of air remaining trapped between the liner and the 
facing surface of the band: the problem is of particular importance when, as 

15 in the prior art, instead of the band a single rubber-coated metal wire is 
used, since the mutual arrangement of the wires, which does not require 
constriction at the beads, may result In the incorporation of air between the 
internal surface of said wires and the facing surface of the liner. 

Finally, the apparatus for forming the bands 6 thus obtained may be 

20 adapted with a great degree of flexibility to the manufacture of bands for 
tyres having dimensions which may vary even considerably from one 
another, with minimum adjustments or adaptations (number of cords per 
band, ratio K, band length, longitudinal distance between the end portions 
of said band, which have undergone constriction), without requiring change- 

25 over of the apparatus for the introduction of special-purpose devices 
suitable for the manufacture of bands intended for a single tyre size, as in 
the already mentioned document EP 0 780 221. 
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CLAIMS 

1. Method for forming a tyre for vehicle wheels, said tyre (1) comprising 
a carcass structure, an annular reinforcing structure associated with said 

5 carcass structure, a tread band (4) in a position radially outside said carcass 
structure, and a pair of sidewalls (5) in axially opposite positions on said 
carcass structure, where the manufacture of said carcass structure 
comprises at least the steps of: preparing a plurality of strip-like elements 
(6) each comprising one or more elongated elements (7) at least partially 

10 lined with at least one layer of elastomeric material, laying each strip-like 
element (6) on a toroidal support in a substantially U-shaped configuration 
around the profile of the cross section of said toroidal support in order to 
define two lateral portions which extend substantially in planes 
perpendicular to the geometrical axis of rotation of said toroidal support in 

15 positions spaced from each other in the axial direction, and a crown portion 
which extends in a radially external position between said lateral portions, 
said crown portions of each strip-like element (6) being arranged side-by- 
side with respect to each other along the circumferential extension of the 
toroidal support, characterized in that it envisages a step involving 

20 constriction of the end zones of each strip-like element (6), prior to laying 
thereof on said toroidal support 

2. Method for forming a tyre for vehicle wheels according to Claim 1, 
characterized in that said constriction is a constant-volume mechanical 
constriction. 

25 3. Method for forming a tyre for vehicle wheels according to Claim 1, 
characterized in that, during said constriction step, the shape of the cross 
section of each elongated element (7) remains unvaried. 

4. Method for forming a tyre for vehicle wheels according to Claim 2, 
characterized in that, during said constriction step, the cross sections of the 

30 end zones of each strip-like element (6) undergo a reduction in their base 
(b) and an increase in their height (h), so that overall the area of the said 
cross sections remains constant 

5. Method for forming a tyre for vehicle wheels according to Claim 1, 
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characterized in that said strip-like elements (6) are manufactured by 
means of drawing. 

6. Method for forming a tyre for vehicle wheels according to Claim 1 , 
characterized in that said strip-like elements (6) envisage 2 to 6 elongated 

5 elements (7) arranged parallel to each other in the longitudinal direction of 
said strip-like elements (6). 

7. Method for forming a tyre for vehicle wheels according to Claim 4, 
characterized in that the ratio K between the length of said base (b) and 
said height (h) of said strip-like element (6) in the portion not subjected to 

1 0 said constriction step is greater than 1 .5. 

8. Method for forming a tyre for vehicle wheels according to Claim 1. 
characterized in that the rubberization thickness of each elongated element 
(7) contained in said strip-like element (6) is between 0.05 mm and 1 .5 mm. 

9. Tyre for vehicle wheels, comprising at least one carcass structure 
15 having one or more carcass plies (2). an annular reinforcing structure 

associated with said carcass structure, a tread band (4) in a position radially 
outside said carcass structure, and a pair of sidewalls (5) in axially opposite 
positions on said carcass structure, said carcass structure comprising a 
plurality of elongated elements (7), said elongated elements (7) being 

20 arranged in a substantially U-shaped configuration around the profile of the 
cross section of said tyre (1). said carcass structure haying two lateral 
portions which extend substantially in planes perpendicular to the 
geometrical axis of rotation of the tyre in positions spaced from each other 
in the axial direction, and a crown portion which extends in a radially 

25 external position between said lateral portions, said carcass ply (2) not 
being folded back around said annular reinforcing structure, characterized 
in that the density of said elongated elements (7) is greater in said lateral 
portions than in said crown portion, said density increasing continuously and 
regularly from said crown portion towards said lateral portions, the shape of 

30 the cross section of each elongated element (7) remaining constant. 

10. Tyre for vehicle wheels according to Claim 9, characterized in that 
said elongated elements <7) comprise a metal cord with the formation 
7x4x0.1 75W. 
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